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ABSTRACT
An Analysis of the Acoustic Doppler Velocimeter in 
Low Flow Environments Along 
the Las Vegas Wash.
By
Roslyn Ryan
Dr. David Kreamer, Examination Committee Chair 
Professor of Geoscience 
University of Nevada, Las Vegas
This research project evaluated the performance of the Acoustic Doppler Velocimeter (ADV) 
in “low flow” environments along the Las Vegas Wash. It also tested the boundaries and 
limitations of the Acoustic Doppler Velocimeter. Measurements were made using both the ADV 
and the traditional mechanical Pygmy Meter, which has been the standard for low flow discharge 
measurements in the United States Geological Survey (USGS) since 1885.
The first set of measurements showed that the ADV is just as reliable as the Pygmy Meter 
when obtaining low flow discharge measurements. The next series of measurements tested the 
ADV by using a series of different time intervals for each measurement and different increments 
of distance between vertical subsections. These series of measurements showed that not only was 
the ADV just as accurate and precise at shorter measuring times, and shorter incremental widths 
of vertical subsections but in some cases the shorter measuring times and smaller increments of 
vertical subsections produced better individual measurements. The measurements made with 
smaller vertical subsection widths were consistently more accurate and precise. At the
111
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control site the standard deviation of the measurements made with 0.3ft vertical subsection 
section widths and 40s measuring times per vertical was 0.034 and the measured discharge of 
these measurements was 1.7% from the rated discharge for the site, while the standard deviation 
of the measurements made with 0.1ft vertical subsection widths was only 0.006 and the measured 
discharge was only 0.3% from the rated discharge for the site. The data from this study also 
showed that decreasing the measuring time per vertical subsection has no negative affects on the 
measurement; in fact it offers some benefits. In situations where the stage or gage-height of the 
channel in changing rapidly, being able to obtain a measurement in a shorter period of time 
allows for the measurement of discharge to be made with little or no change in stage which 
improves the quality of the stage-discharge relationship needed to compute a continuous record of 
discharge for a surface water gaging station. Field personnel will also be more efficient by being 
able to obtain accurate discharge measurements in less than half the time that it currently takes 
under the standard of 40s measuring times per vertical subsection.
IV
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CHAPTER 1 
INTRODUCTION
The United States Geological Survey (USGS) operates many surface water gaging 
stations in Southern Nevada. These stations provide stream flow data for a variety of 
purposes, including flood alert, water-resources planning, calculating totals for the 
valleys return flow credits, and hydrologie research. These stations monitor all water 
going into the Las Vegas Wash (Wash) and Lake Mead. Southern Nevada is a desert 
environment with average annual rainfall of approximately 4 inches per year. Every drop 
of water is important and needs to be accounted for; consequently, the USGS office in 
Henderson measures volumes of water that most areas would consider insignificant 
(discharge as low as or below 1.0 cubic foot per second, cfs).
While the upper wash is dry most of the year, the lower end of the wash maintains a 
consistent base flow year around. These base flows are either very shallow or have very 
low velocities, some velocities are less than 0.5 feet per second (ft/s). The traditional 
meter used to measure discharge in shallow environments is a mechanical velocity meter, 
the Price Pygmy Meter. In many cases these flow depths and velocities are at or below 
the recommended performance limits o f the Pygmy Meter; however, these measurements 
are important and need to be made even though the conditions are less than ideal. As a 
result, the Pygmy M eter is pushed beyond its recommended lower limits at these sites.
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Because o f the importance of these flows to the Las Vegas Valley, the areas in the 
Wash that have year round flow also have continuous records o f their discharge. These 
records are based on a stage-discharge relationship. Discharge measurements are made at 
each site at different stages of flow (base flow, flood flow, and levels in between). These 
measurements, along with the sites gage-height (water level) at the time of the 
measurement, are used to develop a rating for the site (Figure 1). This rating is used to 
compute the continuous discharge record for the site. Getting accurate measurements is 
essential in developing a reliable rating. Manual measurements are only made a few 
times a year. The rest of the discharge record for a site is dependent upon the rating 
developed. The accuracy of the rating is dependent upon the accuracy of the discharge 
measurements.
Gage
height,
fee t .00
D ischarge IN c fs  
.01 .02 .03
EXPANDED RATING TABLE
(EXPANDED PREaSION) 
.04 .05 .06 .07 .08 .09
DIFP IN Q 
PEE 
.1 UNITS
9.20
9.30 0.115* 0.189 0.283 0.399 0.537 0.697 0.881 1.09 1.32
0.000*
1.58
1.15
1.75
9.40 1.86 2.17 2.50 2.87 3.25 3.67 4.11 4.58 5.08 5.61 4.31
9.50 6.17 6.75 7.37 8.01 8.68 9.39 10.12 10.89 11.68 12.51 7.20
9.60 13.37 14.26 15.18 16.13 17.12 18.13 19.18 20.26 21.38 22.53 10.34
9.70 23.71 24.92 26.17 27.45 28.76 30.11 31.50 32.91 34.36 35.85 13.66
9.80 37.37 38.93 40.52 42.14 43.80 45.50 47.23 49.00 50.80 52.64 17.14
9.90 54.51 56.42 58.37 60.35 62.37 64.43 66.52 68.65 70.82 73.03 20.76
10.00 75.27 . 77.55 79.86 82.22 84.61 87.04 89.50 92.01 94.55 97.13 24.48
10.10 99.75 102.4 105.1 107.8 110.6 113.4 116.3 119.2 122.1 125.1 28.35
10.20 128.1 131.1 . 134.2 137.3 140.5 143.7 147.0 150.2 153.6 156.9 ■ 32.20
10.30 160.3 163.8 167.3 170.8 174.4 178.0 . 181.6 185.3 189.0 192.8 36.30
10.40 196.6 200.5 204.4 208.3 212.3 216.3 220.4 224.5 228.6 232.8 40.40
Figure 1 - Example o f a Rating Table (Courtesy o f USGS).
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Objectives
The primary objective of this study is to determine whether acoustic technology, in 
this study the Acoustic D oppler Velocimeter (ADV), meets or possibly exceeds the 
accuracy of the mechanical Pygmy M eter when measuring low flows. A second 
objective is to test the ADV to determine if  it can be used to obtain accurate 
measurements in a shorter period of time and/or with more vertical subsections per cross- 
section. With any discharge measurement, the computed discharge for a single vertical 
subsection should not be more than 5% of the total discharge for the measured cross- 
section (Rantz, 1982). The factor of a discharge measurement that contributes most to 
that percentage is the number of vertical subsections (verticals) measured in a cross- 
section. The objective of testing the ADV using smaller increments of vertical subsection 
widths is to achieve this desired percentage when measuring narrow channels.
When discharge measurements are obtained for the purpose of defining a stage- 
discharge relationship for a surface water gaging station, it is important that for one value 
of stage (water-level), there is one measured value of discharge to pair with it. When the 
stage changes rapidly (i.e., has one stage value at the start of the measurement and 
another value at the end of the measurement), there is a greater percentage of error in the 
stage-discharge relationship. The objective of reducing the measuring time per vertical 
subsection, is to decrease the overall time required to obtain a discharge measurement. 
This would reduce the probability of the stage changing before the measurement is 
completed, thus improving the quality of the stage-discharge relationship and 
consequently improving the quality and reliability of the ratings developed for each site.
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The sites along the Las Vegas Wash, which continually monitor the flows, are all very 
different and all present unique problems when it comes to obtaining accurate discharge 
measurements. Another objective of this study is to evaluate the performance of each of 
the meters at each individual site to determine which instrument and method is best for 
each of the different types of wash environments. Having a method where the accuracy 
and precision have been documented will improve the integrity, dependability and 
confidence in data collected from these low flow sites.
Hypothesis
The hypothesis of this study is that the Acoustic Doppler Velocimeter (ADV) will exceed 
the performance of the mechanical Pygmy M eter in low flow environments, and will be 
able to obtain accurate measurements with more vertical subsections (verticals) per cross- 
section and shorter measuring times per vertical which will increase efficiency and 
improve the overall discharge record for a continuous recording surface water gaging 
station.
Significance of this Study 
Acoustic flow meters are rapidly taking the place of mechanical flow meters 
throughout the hydrological community. Devices such as bridge boards, weights, and 
Price AA velocity meters are being replaced with various types of Acoustic Doppler 
Current Profilers (ADCP’s), for making discharge measurements on large rivers and 
streams. M any field tests have been conducted to compare mechanical meters and 
acoustic meters against one another in large flow situations, mainly on major rivers like 
the Potomac, the M ississippi, and the Colorado River. These studies have shown that the 
acoustic meters are very accurate, and greatly increase efficiency by being able to make
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
multiple discharge measurements in a very short period of time: However, very little field 
testing has been conducted to compare the low flow mechanical meters such as the Price 
Pygmy M eter to Acoustic Doppler Velocimeters (ADV’s), such as SonTek’s 
FlowTracker®. One investigation conducted by the USGS compared the FlowTracker® 
and the Pygmy M eter in a variety o f environments (Fisher and Morlock 2003). This 
comparison was performed using only 8 measurements, each at a different site.
Discharge between the sites varied from 0.074 cfs to 37.4 cfs, with channel widths 
varying from 1.7 feet to 100 feet (Fisher and M orlock 2003). A more in depth 
comparison will be conducted in this study, taking numerous consecutive measurements 
at four field sites along the Las Vegas Wash.
This study has a num ber of important implications not only for the field staff of the 
USGS, but anyone obtaining discharge measurements using flow meters. First is the 
possibility of increasing overall efficiency in obtaining discharge measurements. If the 
ADV is able to obtain accurate discharge measurements in a shorter period of time by 
reducing the measuring times per vertical subsection down to 10 s from the current 40 s, 
it will significantly reduce the amount of time spent by the field staff in obtaining 
discharge measurements at surface water sites, particularly for wide streams with a large 
number of vertical subsections.
A second important implication of this study is the possibility of improving the quality 
of ratings for surface water gaging stations. Being able to increase the number of vertical 
subsections per cross-section by reducing the widths between vertical subsections will 
result in a better discharge measurement. With more subsections one can obtain a more 
accurate velocity and cross-section profile. The more accurate a discharge measurement
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is, the better the field personnel will be able to define the stage-discharge relationship 
needed to develop a rating for the site. This rating, along with recorded stage, is used to 
compute the continuous discharge record for a site. The better the rating, the more 
accurate the continuous record will be.
Third, for sites where the stage changes rapidly, reducing the measurement time 
without sacrificing accuracy also benefits the rating and the overall discharge record. 
Field personnel attempt to obtain a complete discharge measurement with no change in 
stage, so one stage or gage-height corresponds to that measured discharge. When the 
stage changes before the completion of the measurement, the field personnel have to 
compute a mean stage or gage-height to associate with that discharge. This results in a 
level of ambiguity with regards to the stage-discharge relationship which will translate 
into the rating and eventually into the overall discharge record for the site. Shortening 
the measuring times increases the chance of completing a discharge measurement before 
there is a change in stage, resulting in a solid stage-discharge relationship, rating, and 
overall discharge record.
The acoustic meters are rapidly replacing the mechanical meters on large rivers, and 
have greatly improved the accuracy and efficiency in obtaining discharge measurements. 
On the Colorado River below Hoover Dam, four discharge measurements can be made in 
as little as 15 minutes with the Acoustic D oppler Current Profiler or ADCP that is now 
being used to measure this site (RDI, 2006). By the old mechanical flow meter method, 
it would take over one hour to make one measurement. The underlying goal of this 
whole study is to determine if the Acoutistic Doppler Velocimeter can be used to obtain 
discharge measurements that are just as, or more, accurate than the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
mechanical flow meters and also do so with much greater efficiency. The larger A D CP’s 
are saving the USGS time, money, and manpower; this study will determine if  the ADV 
can do the same.
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CHAPTER 2 
BACKGROUND
In order to fully understand the significance of this study, one must understand how 
discharge measurements are obtained, how ratings are developed and their importance in 
the computation of discharge, and problems encountered in obtaining discharge 
measurements in low flow environments.
Measurements
The most commonly used method for measuring discharge in streams and rivers is the 
velocity area method (Wahl, et ah, 1995). This method involves taking a cross-section of 
the stream that is perpendicular to the main flow of the channel. The section chosen 
should ideally be along a straight reach, have a stream bed that is relatively uniform and 
free of boulders or heavy aquatic growth, and have flow that is relatively uniform and 
free of eddies, backwater, and excessive turbulence (Rantz, 1982). The cross section is 
then divided into a number of vertical subsections. The width of the subsections varies 
based on the overall width and uniformity of the channel, and the current m eter’s 
limitations. For example, the Pygmy M eter has a limit where each vertical subsection has 
to be at least 0.3 ft apart (Rickly, 2004). If there is a 300 ft wide
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
channel to be measured, the vertical subsection widths chosen may be as wide as 10 or 12 
feet. The current meter, whether it is a mechanical or acoustic meter, is used at each 
vertical subsection to obtain a mean velocity for that subsection. The width of the 
vertical subsection, plus its depth is used to calculate the cross-sectional area for that 
vertical subsection. The area and mean velocity are then multiplied to obtain the 
discharge for that vertical subsection. The total discharge for the stream is equal to the 
sum of the discharges for each of the subsections (Rantz, 1982). Figure 2 shows a 
diagram of the concept of the vertical point method.
»1 "  '-1  [—
Explanation  
1 ,2 ,3 ...............n —Observation verticals
b i, b2 , b ^ , bn --D istance from  initial point to observation vertical
,<32,^3, dn.-Depth o f  w ater at observation vertical
Dashed lines —Boundaries o f  subsections
Figure 2. Sketch of cross-section using vertical point method.(Rantz, 1982)
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When using the vertical point method, once a cross-section is chosen, a tag line is 
strung is a straight line across the channel. A tag line is a line (often a tape measure), 
used to measure the width of the channel, and to allow the hydrologist to keep track of 
the vertical subsections (verticals) of the cross-section that are being measured. When 
using any flow meter, the hydrologist needs to make sure that they are standing 
downstream and to the side of the meter so as to not interfere with the flow. The flow 
meter needs to point upstream, into the oncoming flow, and remain perpendicular to the 
flow in the channel.
Figure 3. Photo of a hydrologist using the vertical point method.
There are several different methods of obtaining the mean velocity for each vertical 
subsection. In shallow streams (depths less than 1.5 ft), and for all sites in this study, the
10
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six-tenths depth method is used. With the six-tenths depth method, an observation of 
velocity is made in the vertical subsection at 0.6 of the depth below the surface. This 
velocity is used as the mean velocity for the vertical subsection (Rantz, 1982). Physical 
observations and mathematical theory have shown that the 0.6-depth method is reliable, 
as shown in the following table (Table 1). (Rantz, 1982).
TABLE 1 - Coefficients for standard vertical velocity curve. (Rantz, 1982).
Ratio o f observation depth to 
depth of water in the vertical
Ratio of point velocity to mean 
velocity in the vertical
0.05 1.16
0.1 1.16
_________ - ............................. .................................................  _ _
0.2 1.149
0.3 1.13
0.4 1.108
0.5 1.067
0.6
' -  —  —
1.02
0.7 0.953
0.8 0.871
0.9 0.746
0.95 0.648
The USGS assigns qualitative ratings o f accuracy to individual discharge 
measurements -  excellent, good, fair, and poor (Sauer and Meyer, 1993). These ratings 
are based on subjective evaluation of objective factors affecting measurement accuracy.
11
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These factors include: number and distribution o f verticals, average velocity, uniformity 
of flow, regularity and firmness of the channel bottom, steadiness of stage and discharge 
during the measurement, and presence of debris in the flow (Sauer and Meyer, 1993).
The factor with the greatest influence on these ratings, and the one the hydrologist has the 
most control over, is the number and distribution of vertical subsections. The goal of 
each discharge measurement is to have the com puted discharge for a single vertical 
subsection equaling no more than 5% of the total discharge (Rantz, 1982). If the largest 
individual vertical discharge is less than or equal to 2% of the total discharge, then the 
rating for this factor of the measurement is excellent, less than or equal to 5%  rated good, 
less than or equal to 8% rated fair, and greater than 8% then the rating for this factor of 
the measurement is poor. One of the biggest factors affecting these percentages is the 
number of vertical subsections. If a channel is only 3 feet wide, and the smallest vertical 
increment is 0.3 ft (the minimum with the Pygmy Meter), then the largest number of 
subsections possible is 10. This will usually result in a fair to poor rating. If the ADV 
tests prove that it can operate accurately with as little as 0.1 ft between verticals, this 
would significantly increase the number of subsections measured per channel cross- 
section and result in a rating for this factor o f the measurement of good-excellent.
Aside from the USGS rating, increasing the num ber of subsections has inherent 
benefits to the measurement. These shallow streams can have fluctuating velocities, 
especially in urban areas. Being able to measure more points in the cross-section would 
produce a more accurate mean velocity for the channel. A discharge measurement is 
essentially a mathematical integration of the cross-section. Like most integrations, as the 
number of subdivisions increases it approaches a limit. The more subsections measured
12
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in a cross-section, the closer the measurement comes to the actual profile (area, velocity 
and discharge) o f the cross-section. The USGS measures many springs for federal and 
State cooperators where the difference of tenths or even hundredths o f a cfs might be 
significant.
Ratings
A rating is a way o f relating the gage-height or water level in a channel, to the 
discharge or amount of water flowing through that channel at that time. Streams that 
have control structures like flumes or weirs will use the predetermined rating for that 
structure (Rantz, 1982). These control structures channel all the water through the 
control. The flume or weir comes with a predetermined rating that states when the water 
level in or at this control is Yft, then Xcfs are flowing through it. These control 
structures are most commonly found at spring discharge sites, where the flow is low 
enough to be able to channel all of the water through a flume or weir.
Larger streams and rivers usually do not have these types of “pre-rated” control 
structures. The ratings for these sites are developed by making numerous measurements 
and getting the gage-height at the time of that measurement. The measurements and their 
corresponding gage-heights are then plotted on a graph. The relationship between the 
gage-height and discharge are evaluated and a line is drawn through these points to create 
a rating. The relationship between gage-height and discharge ideally would always be 
one discharge value to associate with one gage-height reading. This is usually not the 
case. The line that is drawn through these measurements is the best fit for all the 
measurements on the graph. Typically, the line will go through some of the 
measurements; some measurements will fall above the line and some below the line.
13
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Figure 4 shows a series o f measurements made, and how the line goes through them to 
define the rating for that site. Once the rating is developed it can be used to compute 
continuous discharge for each individual site.
LAS V EGA S W ASH NR SAHARA AVE NR LAS VEGAS. NV
'  '
Figure 4. Plot of Stage-Discharge Rating for the Las Vegas Wash near Sahara Ave, Las 
Vegas, NV. (Courtesy of USGS).
For sites that have continuous record of their discharge, a water level or gage-height 
recorder is installed at the site. These recorders measure the gage-height at a preset 
interval. For all gages in this study, the gage-height is recorded every 15 minutes. This 
data is then either downloaded at regular intervals and input into the USGS computer 
system, or as is the case with sites in this study, transmitted via radio or satellite. When
14
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the gage-height is entered into the system, the program uses the rating developed and 
converts the recorded gage-height into discharge. The accuracy of this continuous record 
is only as good as the rating developed. Ratings are adjusted as more measurements are 
made, or to account for changes in the channel geometry. If a flood deposits sediment, or 
cuts out portions of the channel, then the previous relationship of gage-height to 
discharge has changed. W hen a channel becomes wider, then for the same amount of 
discharge previously measured (before flooding), the gage-height or water level will be 
lower. Measurements need to be as accurate as possible to develop accurate dependable 
ratings.
Potential Problems in Obtaining Low Flow Measurements
One of the challenges encountered in acquiring measurements to define the stage- 
discharge relationship is when the stage changes rapidly. This can occur with natural 
base flow fluctuations, when control facilities like water treatment plants or dams exist 
upstream, and during flooding. W hen the stage changes rapidly during a discharge 
measurement, the computed discharge figure loses some of its significance, and there is 
uncertainty as to the appropriate gage-height to apply to that discharge figure (Rantz, 
1982). In this case, a weighted mean gage-height is obtained by taking the mean of all 
the gage-height readings during the time of the measurement. With this case though, 
there is one discharge value associated with the mean value o f several gage-height 
readings.
In the past before ADV ’s, half-counts were made with flow meters to try to cut down 
on the change in stage over the period of measurement, but at the expense of some
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accuracy (Rantz, 1982). This particular problem is one of several that prompted this 
study. As mentioned earlier, the field tests run during this study are designed, in part, to 
determine if the measurement time per vertical using an ADV can be reduced so that a 
discharge measurement can be made with little or no gage-height change during the 
measurement, without sacrificing accuracy.
When low flows oceur, the width of the channel can affect the ability to obtain a 
discharge measurement. A challenge with obtaining discharge measurements in these 
wide channels is the resultant extremely slow velocities. W hen velocity is not fast 
enough to turn the cups of a Pygmy Meter, a discharge measurement cannot be obtained. 
This study will evaluate the performance of the ADV in obtaining a discharge 
measurement at a site where the velocities are eommonly less than 0.5ft/s.
Another problem that oceurs is when control structures such as flumes or weirs are 
either not properly installed or shift over time. These control structures have a pre­
determined rating; however, those ratings apply only when the conditions with the flume 
or weir match the conditions under which the rating was developed. An example is if the 
flume is tilted. W hen a flume isn’t perfectly level it can produce an erroneous stage- 
discharge relationship. Accurate independent measurements, can be used to adjust the 
flume rating to account for the shift.
One of the easiest ways to tell if a flume or weir is tilted is that the depths for the 
vertical subsections will change across the cross section. In a level flume, the depths all 
the way across the cross section will be equal. A problem that occurs with weirs in some 
situations is if the water level gets high enough, to “drown it out” or over top the weir. In
16
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this case the weir rating becomes useless and a rating for gage-heights when the weir is 
over topped needs to be developed.
In southern Nevada most of the continuously monitored springs have weirs or flumes 
as control structures. These sites are all very closely scrutinized by federal, state, and 
local agencies, because for these springs every hundredth of a efs is important. This is a 
case where shortening the width between vertical subsections down to O.I ft when 
measuring with the ADV would have advantages. It would triple the number of 
subsections measured and tighten up the accuracy and precision of the measurements 
made at these sites, which would increase the confidence in the manual measurements at 
these sites. W hen there is more confidence and reliability with the measurements, then 
problems with the controls can be identified more quickly than with the current methods 
of measuring, and small trend changes with the springs will be more apparent and 
identified sooner.
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CHAPTER 3 
FLOW METERS
There are three main types of flow meters; mechanieal, magnetie, and acoustic. 
Mechanical meters measure velocity based on the number of revolutions of the cups or 
propellers over a given time interval (Michaud, 1991). Examples of some mechanieal 
flow meters available are the Price AA, Price Pygmy, Ott C-31® with metal or plastic 
impellers, and Valeport BFM®. Magnetic flow meters measure velocity using Faraday’s 
Law, which states that a eonductor (in this case water) moving in a magnetic field 
(produced by the flow meter) generates a voltage that varies linearly with flow velocity 
(Fulford et. al, 1994). An example of a magnetic meter is the Marsh M eBim ey flow 
meter. Acoustic meters measure velocity using the principle of the Doppler effect. 
Velocity can be determined by measuring the ehange in pitch (wavelength) of sound 
reflected from a moving target (particles in the stream) (Cutnell and Johnson, 2005). 
Examples of aeoustic flow meters are SonTek Argonaut-XR®, SonTek Rivereat®, RDI 
Streampro®, RDI Rio Grande®, and SonTek FlowTracker®. The two flow meters used 
in this study are the Price M eter and SonTek FlowTracker®. These meters were chosen 
for this study beeause they are the primary meters used by the USGS for measuring low 
or shallow flows.
The Pygmy M eter (Figure 5) is a mechanical meter with a 2-inch (5.1 cm) diameter 
bucket wheel eontaining six cups. Inside the head of the Pygmy are a whisker and a pin.
18
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As the cups turn the pin makes contact with the whisker. A single contact closure is 
made with each complete revolution of the bucket wheel (Rickly, 2004). As the whisker 
makes contact it completes a circuit that can be heard as clicks with the head phone 
attachment, or recorded on an electronic recorder such as an Aquacalc® (Figure 6). The 
revolutions are counted over a period of at least 40 s. The rating chart for the Pygmy 
M eter is used to find the velocity for each number o f revolutions per time in seconds. For 
example, 40 revolutions in 50 s equals a mean velocity of 0.800 ft/s. When using an 
Aquacalc® this velocity is automatically calculated.
Figure 5. Pygmy M e te r . Figure 6. AquaCalc®. (JBS, 2004)
The limitations of 40 s intervals per vertical subsection and 0.3 ft per vertical 
subsection width are based on this rating of revolution/time and the width of the Pygmy 
M eter eups. In order to assure good averaging of rev/s to yield a mean velocity for that 
vertical, 40 s is the established minimum time. It is possible to do what are called half 
eounts and only time the revolutions over 20 s, but with the Pygmy M eter some accuracy 
is lost in doing this (Rantz, 1982). The Pygmy Meters have a shallow depth limit of 0.30 
ft, and a low velocity threshold of 0.10 ft/s (Rickly, 2004).
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The Acoustic D oppler Velocimeter (ADV) (Figure 7) works in a com pletely different 
manner. The ADV uses sound to determine stream velocity. It measures veloeity based 
on the principle of the D oppler effect. The D oppler effect principle states that if a source 
of sound is moving relative to the receiver, the frequency of the sound at the reeeiver is 
“shifted” from the transmit frequency.
This change is qualified in the equation:
F d o p p le r ~ " F so u r c e ( V / C ) .
Where Fdoppier equals the ehange in the received frequency, the Doppler shift. Fjource 
equals the frequency of the transmitted sound. V equals the velocity of the source 
relative to the receiver. C equals the speed of sound (SonTek, 2002).
The FlowTracker’s® aeoustie transmitter generates a short pulse of sound at a known 
frequency. The sound travels through the water along the transmitter beam axis and 
passes through the sampling volume. The sound is reflected in all directions by 
particulate m atter in the water. A portion of the reflected sound travels back along the 
receiver beam axes and is measured by the acoustic receivers. The FlowTraeker® 
measures the change in frequency, (i.e., the Doppler shift), at each receiver. The Doppler 
shift is proportional to the velocity o f the partieles (SonTek, 2002).
When measuring the veloeity for a vertieal subsection of a cross-section, the ADV 
takes 4 velocity readings per seeond. The mean velocity for each vertical subsection is 
the mean of the velocities measured over the averaging time (SonTek, 2002). Current 
USGS protocol holds the ADV to the same restrictions as the Pygmy Meter, meaning 
40 s averaging time per vertical subsection and minimum vertical subsection widths of 
0.3 ft.. This means the ADV is taking the mean of approximately 160 velocity readings
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in that 40 s. This is one of the arguments for dropping the measuring time with the ADV. 
Reducing the measuring time down to even 10 s, obtains a mean of approximately 40 
velocity readings. The ADV has a shallow depth limit of 0.10 ft, and a low velocity 
threshold of 0.07 ft/s (SonTek, 2003).
Figure 7. FlowTracker® ADV (Courtesy of SonTek, 2002).
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A flow meter, whether it is mechanical, magnetic, or acoustic, should be durable, 
easily maintained, and simple to use under a variety of environmental conditions (Fulford 
et.al, 1994). The Pygmy and the ADV both have advantages and disadvantages. The 
Pygmy M eter can be easily maintained and fixed in the field. Almost all components of 
the Pygmy Meter, such as the whisker and pin, ean be replaced in the field if necessary.
If the ADV stops functioning in the field, there isn’t much that the field personnel can do 
aside from changing the batteries. In m ost eases the ADV will need to be sent back to the 
manufacturer. If you are measuring a very clear stream, little to no particulate matter, the
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ADV doesn’t function well. W ithout that particulate matter to reflect the sound waves, 
the ADV will not obtain a good velocity measurement.
In streams where there are heavy algae or debris, the ADV has an advantage over the 
Pygmy Meter. Since the ADV has no moving parts, there isn’t much for algae and debris 
to get caught on. Algae and debris can get caught in the Pygmy M eter, and prevent the 
cups from turning. In this instance the field personnel needs to stop the velocity 
measurement for that vertical subsection, clean the meter, and then restart the 
measurement for that vertical subsection.
22
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CHAPTER 4 
STUDY SITES
A total of five USGS surface water gaging sites were used in this study. They are 
located in the city of Las Vegas, NY and the control site is located in Lake Mead 
National Park, NY, just east of Las Yegas. Figure 8 shows the geographical location of 
these sites.
;(/ m ;:|// Valley of Fire
Control
I*
1
Figure 8. M ap showing locations of study sites in Lake M ead National Park 
and the city of Las Yegas, NY.
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CONTROL SITE: ROGERS SPRING NEAR OVERTON BEACH, NV 
The first site, USGS station number 09419550 (Rogers Spring near Overton Beach, 
NV), is the control site. Rogers Spring is a spring discharge site with a 9” Parshall flume 
control structure (Figure 9). This is a very stable site which maintains a constant flow 
year round. The flume has had field levels run and been determined to be level so that 
the pre-set rating is valid and accurate. The USGS uses the straight flume rating to 
compute discharge for this site. This site will be used to analyze the accuracy of 
measurements made by both meters, and of the ADV measurements made at shorter 
vertical subsection width increments, and time intervals.
Figure 9. Flume at Rogers Spring
The following four sites do not have pre-rated control structures. They were chosen 
because they all have fairly consistent base flow allowing for multiple measurements of 
similar discharge to be made. They also all have different environmental conditions that 
present challenges while obtaining discharge measurements. The analysis at these sites
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involved interpretation and comparison o f the individual measurements themselves to 
determine which meter performs best in each of the different environments. The study 
will also determine if some of the problems presented can be addressed by adjusting the 
vertical subsection width increments, and/or measuring times on the FlowTracker®.
SITE I: LAS VEGAS W ASH NEAR SAHARA AVE, LAS VEGAS, NV.
USGS station number 09419658 (Las Vegas W ash at Sahara Avenue near Las Vegas, 
NV) is located on the Desert Rose Golf course (Figure 10). The channel averages 8 feet 
in width, has vertical sides and the bottom is concrete lined. The major challenge that 
occurs when obtaining discharge measurements at this site is the large amount of algae 
growth. The algae growth comes from seasonal blooms, but is worsened by the fact that 
the golf course uses fertilizers which runoff into the channel. The algae interfere with 
meter performance, and the channel’s velocity profiles.
Figure 10. Las Vegas W ash at Sahara Ave.
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SITE 2: FLAMINGO W ASH AT NELLIS BLVD, LAS VEGAS, NV.
USGS site num ber 094I9678I (Flamingo W ash at Nellis Blvd, near Las Vegas, NV) 
is located in the natural channel ju st upstream of the concrete culvert and the bridge at 
Nellis Boulevard (Figure I I ) .  The channel is over 30 feet wide and can reach depths 
over I foot. This site was chose because the flow is very laminar with velocities at or 
below the lower limit of the Pygmy Meter, making obtaining an accurate discharge 
measurement difficult.
Figure I I .  Flamingo W ash at Nellis Blvd.
SITE 3; LAS VEGAS W ASH NEAR. VEGAS VALLEY DR, LAS VEGAS, NV.
USGS site num ber 094196784 (Las Vegas W ash at Vegas Valley near Las Vegas,
NV) is located downstream of the Las Vegas W ash and Flamingo W ashes confluence 
(Figure 12). The channel where measurements for this site are made is a natural channel. 
Vegas Valley has good velocities and depths, but is very rocky. There are always large 
rocks, boulders, debris, and vegetation in the measuring sections. The channel is also 
dynamic. Sediment scours and fills during moderate flows, and the flow frequently shifts 
from one area o f the channel to another.
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 12. Las Vegas W ash at Vegas Valley.
SITE 4: DUCK CREEK AT BROADBENT BLVD, EAST LAS VEGAS, NV.
The final site is USGS site number 09419696 (Duck Creek at Broadbent Blvd. at East 
Las Vegas, NV) is located approximately 300 feet upstream of the bridge at Broadbent 
Blvd (Figure 13). The channel is a concrete trapezoidal flood control channel. The issue 
at this site is that the flow is extremely shallow, making it difficult to obtain discharge 
measurements. At base flow the water depth is around 0.4ft at its deepest point.
HiHHiii
Figure 13. Duck Creek at Broadbent Blvd.
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CHAPTER 5 
M ETHODOLOGY
The method used in this study for measuring discharge is the velocity area method 
which was described earlier. For the first measurement series, comparing the Pygmy and 
ADV, four measurements using the Pygmy meter and four measurements using the ADV 
were made at each site. A total of 40 individual measurements were made. In this series 
both meters had vertical subsection width increments no smaller than 0.3 ft and 
measuring times of 40 seconds per vertical subsection. The second series of 
measurements only involved the ADV. At the control site, Rogers Spring and the site on 
the Las Vegas Wash at Sahara the measurement series was as follows: 1) four 
measurements with 0.3 ft vertical subsection width increments at 40 second intervals; 2) 
four measurements with 0.3 ft increments at 20 second intervals; 2) four measurements 
with 0.3 ft increments at 10 second intervals; 4) four measurements with 0.2 ft 
increments at 40 second intervals; 5) four measurements with 0.2 ft increments at 20 
second intervals; 6) four measurements with 0.2 ft increments at 10 second intervals; 7) 
four measurements with 0.1 ft increments at 40 second intervals; 8) four measurements 
with 0.1 ft increments at 20 second intervals; and 9) four measurements with 0.1 ft 
increments at 10 second intervals. Between the two sites a total of 72 discharge 
measurements were obtained with the ADV to analyze its performance with smaller 
vertical subsection width increments and measuring time intervals.
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The remaining three field sites (sites 2, 3 and 4) are too wide to drop the vertical 
subsection width increments down any lower than 0.3ft. For example, to do a 
measurement at 0.1ft increments and 40s time intervals at the Flamingo Wash at Nellis 
Blvd. site, which is 30+ feet wide, would take almost 7 hours for one measurement, 
which is not practical for acquiring discharge data. These three sites only tested the ADV 
by dropping the measuring times per vertical. Four measurements were made at 40s, four 
at 20s, and four at 10s. With these sites, an additional 36 discharge measurements were 
obtained with the ADV to evaluate its performance when the measuring time interval is 
reduced. Because of width of these channels, the vertical width increments will be as 
follows: One foot for Flamingo Wash at Nellis Blvd., 0.5 ft for Las Vegas W ash at 
Vegas Valley Dr, and 0.3 ft for Duck Creek at Broadbent Blvd.
The data will be analyzed in the following ways. The instruments will be evaluated 
for their accuracy, precision and consistency. This will be done by comparing the 
standard deviation among the measurements made and comparing the measured 
discharge to the known (rated) discharge at the control site. The trial measurements, ones 
with shorter measuring times and vertical subsection width increments, will be compared 
to the standard 40 second 0.3 ft increment measurements and at the control site to the 
rated discharge. Lastly, the meters will be evaluated based on their performance in each 
o f the different environments with regards to producing accurate measurements, 
efficiency and ease of use.
The number of measurements made with each method at each site was determined 
based on a statistical evaluation of previous measurements. Several discharge 
measurements made with an ADV (FlowTracker ®) at the Las Vegas Wash at Sahara
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Ave. over the past two years were taken. These measurements were made at the same 
gage-height (to the hundredth of a foot) and their measured discharge was noted. These 
discharges were analyzed in M icrosoft Excel and the standard deviation of these 
measurements was calculated. This information was then input into the equation for 
calculating a sample size, with a 95% confidence interval for obtaining sample mean 
within 1% of the true mean. The number of measurements on record made by the ADV 
at the same gage-height was 10. This sample size equation is:
n>( 0.025; ni-l*^^)^(Swan and Sandilands, 1995).
In this equation t0.025 is the identifier that the test statistic is for a 95% confidence 
interval that the mean of the sample will be within 1% of the true mean. The variable nj- 
1 equals 9. The standard deviation s equals 0.315. Therefore n (sample size) needs to be 
greater than or equal to3.99.
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CHAPTER 6 
DATA ANALYSIS
Included in each of the following sections for the individual sites are summary tables 
showing the data that were used for analysis. The values reported in these tables are the 
values from each instrum ent’s measurement summary sheets. These values are displayed 
with the same number of significant figures as the values reported from each instrument. 
For the Pygmy Meter with an Aquacalc® recorder values are reported to the hundredths 
(0.01). With the FlowTracker®, the values are reported to the thousandths (0.001). The 
definitions for terms used on the measurement summary sheets are in Appendix 1. The 
full details of each measurement can be found in Appendices 11-Vll. Some data, which 
will be discussed is found in the Appendices and not in the summary tables, and will be 
referenced as such.
Control Site: Rogers Spring near Overton Beach, NV.
The discharge measurements (Appendix 11) at the control site were made over a two 
day period, January 28 and 29, 2006. This site had steady flow over this entire period. 
The gage-height, recorded from the staff plate, throughout all measurements remained 
constant at 0.68ft, indicating no change in discharge. The rating for the 9” parshall 
flume at Rogers Spring is shown in Appendix 111.
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Table 6-1 shows the data from the Pygmy and ADV series. The purpose here was to 
determine if  the acoustic ADV technology meets or even exceeds the accuracy of the 
mechanical Pygmy M eter under the same parameters required for a Pygmy Meter 
measurement.
Table 6 -la. Rogers Spring, Pygmy and ADV Discharge Data
Discharge (cfs) %from Mean %From Rated (+/-)
Flowtracker Pygmy Flowtracker Pygmy Flowtracker Pygmy
Meas. 1 1.671 1.618 -1.33 -1.52 1.73 4.82
Mcas. 2 1.728 1.661 2.09 1.07 1.67 2.32
Meas. 3 1.716 1.623 1.35 -1.24 0.94 4.55
Meas. 4 1.6^7 1.671 -2.11 1.69 *> 51 1 72
Mean 1.693 1.643 1.71 3J5
Std. Dev. 0.03 0.03
Discharge data in cubic feet per second (cfs) for each of the measurements made with both 
meters. The mean at the bottom is the mean value for the four measurements made with each 
flow meter. The % from mean column is the percentage that each individual measurement was 
from the mean value of all the measurements. The % from rated column is the percent that 
each individual measurement was from the rated discharge for the flume. Std. Dev. is the 
standard deviation for each set o f measurements.
Table 6-lb . Rogers Spring, Pygmy and ADV Velocity Data
Mean Velocity 
(ft/s) %from Mean
Maximum \'elo 
Local
city (ft/s) and 
ion
Flow
Tracker®
1.344
Pygmy
1.24
Flow
Tracker® Pygmy
Flow
Tracker® Loc.
0.9
Pygmy Loc.
Meas. 1 1.10 -1.47 1.59 1.68 0.9
Meas. 2 1.301 1.27 -2.15 1.69 1.52 1.2 1.64 0.9
Meas. 3 1.321 1.24 -0.65 -0.82 1.48 0.9 1.58 0.9
Meas. 4 1.352 1.26 1.70 0.61 1.57 0.6 1.62 0.9
Mean 1.330 1.25 1.54 1.63 1
Velocity data in feet per second (ft/s) for each of the measurements made with both meters. 
The mean at the bottom is the mean value for the four measurements made with each flow 
meter. The % from mean column is the percentage that each individual measurement was 
from the mean value of all the measurements. The last column displays the maximum 
velocity in ft/s for each measurement and the location in the flume cross section where the 
maximum velocity was measured.
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The rated discharge for a gage-height of 0.68 ft in the 9” parshall flume installed at 
Rogers Spring is 1.70 cfs. Table 6 - la  shows the discharges for each individual 
measurement as well as the mean discharge for all the measurements. The ADV (Flow 
Tracker®) had 2 measurements above the rated discharge by 0.016 and 0.028 cfs, and two 
measurements below the rated discharge by 0.043 cfs and 0.029 cfs. Measurement 
number two was the furthest off and was actually in line with rated discharge for a gage- 
height of 0.67 ft and 1.66 cfs. The other three measurements although small percentages 
off the rating fell close enough to the rated discharge of 1.70 cfs so that they did not drift 
into the range of higher or lower rated gage-heights. All four of the measurements were 
well within the USGS standard of 5% of the rated discharge. The maximum percent 
difference an individual measurement was from the mean of all four measurements with 
the flow tracker was 2.51%. The mean discharge of 1.693 cfs for all four measurements 
was consistent with the rated discharge.
With the Pygmy M eter all four measurements fell below the rated discharge of 1.70 
cfs. Measurements num ber one and three were the furthest off and were actually in line 
with rated discharge for a gage-height of 0.66 ft and 1.62 cfs. M easurement number four 
fell in line with the rated discharge for a gage-height of 0.67 ft and 1.66 cfs.
M easurement number two was the closest at 1.67 cfs, however it was closer to the rated 
discharge for a gage-height of 0.67 ft and not the actual gage-height of 0.68 ft. All four 
Pygmy measurements did fall within the USGS standard of 5%. The maximum percent 
difference an individual measurement was from the mean of all four measurements with
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the Pygmy M eter was 4.82%. The mean discharge of 1.64 cfs for all four measurements 
was also slightly off the rating and again closer to the rated discharge for a gage-height of 
0.67 ft.
The Pygmy M eter had consistent velocity readings with the maximum velocity always 
at the location of 0.9 ft from the right bank in the 1.8 ft wide cross section. The 
FlowTraeker® showed more velocity variation and measured the maximum velocity at 
0.9 ft from the right bank, for measurements one and three, and at 1.2 ft and 0.6 ft for 
measurements two and four respectively. The FlowTraeker® showed higher mean 
velocities throughout all four measurements than the Pygmy, however measured lower 
maximum velocities. The FlowTraeker® is more sensitive to small velocity changes than 
the Pygmy M eter because it measures point velocities, it also automatically adjusts its 
readings for angle and velocities in the z direction. It is this fact that contributes to the 
differences between the velocity readings for the two meters.
This series o f measurements shows that not only is the FlowTraeker® as accurate as 
the Pygmy, but in this case was more accurate and consistently came closer to the rated 
discharge at this control site than the Pygmy Meter. It is important to note that both 
meters produced good measurements that were within the USGS standard of +/-5% of the 
rated discharge.
Table 6-2 shows the data from the series of measurements in which measuring time 
per vertical subsection and distance between vertical subsections was reduced. The goal 
here is to determine if the Acoustic ADV technology can obtain accurate discharge 
measurements under these conditions. Under certain field conditions, discharge
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measurements would benefit by shortening the measuring times, and obtaining more 
vertical subsections per cross-section.
Table 6-2a. Rogers Spring, ADV only Data
Discharge (cl's)
40s %fromRated Verr (ft/s)
VSW 0.3 0.2
1.672
0.1
1.697
0.3
1.73
0.2 0.1 0.3 0.2 0.1
Metis. 1 1.671 1.66 0.15 0.028 0.032 0.026
Mcas. 2 1.728 1.694 1.694 1.67 0.33 0.38 0.025 0.031 0.029
Mcas. 3 1.716 1.698 1.704 0.94 0.12 0.22 0.025 0.024 0.026
Mcas. 4 1.657 1.684 1.689 2.51 0.91 0.62 0.026 0.019 0.028
Mean 1.693 1.687 1.696 1.7 0.8 0.3 0.026 0.026 0.027
Std. Dev. 0.034 0.012 0.006
Discharge data in cubic feet per second (cfs) for each of the measurements made at different vertical 
subsection width increments and 40 s measuring time intervals. VSW is the vertical subsection 
width. The mean at the bottom is the mean value for the four measurements made. The % from rated 
column is the percent that each individual measurement was from the rated discharge for the flume. 
Std. Dev. is the standard deviation for each set o f measurements. Verr is the standard error of the 
mean velocity measured in ft/s.
Table 6-2b. Rogers Spring, ADV only Data
Discharge (cfs)
20s %fromRated Verr (ft/s)
VSW 0.3 0.2 0.1 0.3
2.19
0.2
1.62
0.1 0.3 0.2 0.1
Meas. 1 1.663 1.672 1.685 0.88 0.037 0.030 0.045
Mcas. 2 1.716 1.682 1.703 0.95 1.08 0.17 0.031 0.034 0.054
Mcas. 3 1.730 1.687 1.697 1.79 0.75 0.19 0.050 0.033 0.060
Meas. 4 1.638 1.677 1.710 3.67 1.35 0.61 0.031 0.030 0.054
Mean 1.687 1.680 1.699 2.2 1.2 0.5 0.037 0.032 0.053
Std. Dev. 0.044 0.006 0.011
Discharge data in cubic feet per second (cfs) for each of the measurements made at different 
vertical subsection width increments and 20 s measuring time intervals. VSW is the vertical 
subsection width. The mean at the bottom is the mean value for the four measurements made. 
The % from rated column is the percent that each individual measurement was from the rated 
discharge for the flume. Std. Dev. is the standard deviation for each set of measurements. Verr 
is the standard error of the mean velocity measured in ft/s.
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Table 6-2c. Rogers Spring, ADV only Data
Discharge (cfs)
10s %1romRated Verr (ft/s)
VSW 0.3 0.2 0.1 0.3 0.2 0.1 0.3 0.2
0.042
0.1
Mcas. 1 1.642 1.679 1.703 1.45 1.25 0.15 0.044 0.052
Meas. 2 1.623 1.687 1.696 0.66 0.79 0.21 0.033 0.049 0.049
Meas. 3 1.666 1.703 1.712 2.00 0.17 0.72 0.036 0.055 0.051
Meas. 4 1.652 1.717 1.709 2.81 1.01 0.55 0.036 0.058 0.041
Mean 1.646 1.696 1.705 1.7 0.8 0.4 0.037 0.051 0.048
Std. Dev. 0.018 0.017 0.007
Discharge data in cubic feet per second (cfs) for each of the measurements made at different vertical 
subsection width increments and 10 s measuring time intervals. VSW is the vertical subsection 
width. The mean at the bottom is the mean value for the four measurements made. The % from rated 
column is the percent that each individual measurement was from the rated discharge for the flume. 
Std. Dev. is the standard deviation for each set of measurements. Verr is the standard error of the
Table 6-2 shows the discharges for each measurement for each different time series 
and vertical subsection width. Each of the measurements fell within the USGS of +/-5% 
of the rated discharge indicating that decreasing the measuring times and vertical 
subsection widths will produce accurate measurements. The measurements made at both 
the 40 and 20 second measuring times and at 0.3 ft vertical subsection widths each had 2 
of the four measurements agreeing with the rated discharge for a gage-height of 0.68ft, 
and two measurements which fell on the rating for a gage-height of 0.67 ft. With the 
measurements made at 10 s and 0.3 ft, all four measurements fell below the rated 
discharge for a gage-height of 0.68ft. Two measurements were closer to the rated 
discharge for a gage-height of 0.67 ft and two fell closer to the rated discharge for a gage- 
height of 0.66 ft.
The measurements made at 0.2 ft vertical subsection widths had less variation; the 
standard deviation of the measurements was less than the standard deviation of the
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measurements made at 0.3 ft increments. All the measurements made at 0.2 ft increments 
fell within 2% of the rated discharge. At both the 10 and 40 second time intervals only 
one measurement fell out of range of the rated discharge for a gage-height of 0.68 ft.
Both were closer to the rated discharge for a gage-height of 0.67 ft. At the 20 second 
time interval two measurements fell closer to the rated discharge for 0.67 ft while the 
other two were within the range for the rated discharge at 0.68 ft.
The measurements made at 0.1ft increments for all time intervals were all within 1% 
of the rated discharge and at 40 s and 10 s had the smallest standard deviation, least 
variation among them. They all obtained measurements of discharges within range of the 
rated discharge for a gage-height o f 0.68 ft.
The Table 6-2 also shows the mean velocity errors. Recall that the standard error of 
velocity is reported as a direct measure of the accuracy of the mean velocity data and is 
calculated by dividing the standard deviation of one-second samples by the square root of 
the number of samples (SonTek, 2002). This means that the longer time intervals have 
smaller velocity errors, because there are more samples (number of velocity readings) at 
the longer intervals.
Analysis of these measurements shows that shortening the measuring times doesn’t 
negatively affect the accuracy of a discharge measurement. The number of vertical 
subsections has a larger impact. Reducing the distances between verticals when 
measuring with the ADV not only produces extremely accurate measurements, but also 
more precise measurements.
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Site 1: Las Vegas W ash at Sahara Ave, Las Vegas, NV.
The discharge measurements (Appendix IV) at this site were made on three different 
days. The measurements for the Pygmy/Flow Tracker ® series were made on September 
17, 2005. The measurements for the ADV only series were made on September 22 and 
23, 2005. The measurements had to be split up because of the amount of time required to 
obtain them. For the ADV series two of each measurement were made on the 22 and two 
on the 23. Discharge at this site varied from the 22 to the 23; therefore, each day’s 
measurements will only be compared to measurements made on that day. It should be 
kept in mind that the Wash has fluctuating discharge, as all of the Las Vegas W ash’s flow 
comes from valley runoff. The purpose of using these sites is to analyze the performance 
of each of the meters under each site’s unique environmental conditions. The situation 
that exists at Sahara is heavy algae and a fairly narrow channel. The first set of tables 
shows the data from the September 17 series of measurements made to compare the 
Pygmy M eter and the ADV.
Table 6-3a. Sahara, Pygmy and ADV Discharge Data
Discharge (cfs) %from Mean % Highest {3f Total
Flow 
Tracker ® Pygmy
Flow 
Tracker ® Pygmy
Flow
Tracker Pygmy
Meas. 1 2.902 3.16 -2.13 2.45 10.9 9.65
Mcas. 2 3.089 3.25 4.16 5.34 1 10.17 10.65
Meas. 3 2.957 3.15 -0.28 2.16 ! 8.83 11.68
Meas. 4 2.913 2.78 -1.76 -9.95 9.03 9.22
Mean 2965 3.08 9.73 10.30
Std. Dev. 0.09 0.21
Discharge data in cubic feet per second (cfs) for each of the measurements made with both meters. 
The mean at the bottom is the mean value for the four measurements made with each flow meter. 
The % from mean column is the percentage that each individual measurement was from the mean 
value of all the measurements. The % Highest of Total column is the percent that the highest 
computed discharge from and individual vertical subsection is o f the total discharge for the cross 
section. Std. Dev. is the standard deviation for each set of measurements.
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Table 6-3b. Sahara, Pygmy and ADV Velocity Data
Mean Velocity 
(ft/s) %from Mean
Maximun Velocity (ft/s) and 
Location
Flow 
Tracker ® 
1.381
Pygmy
1.30
Flow 
Tracker ® Pygmy
4.42
Flow 
Tracker ® 
2.108
Loc. Pygmy Loc.
Meas. 1 12.68 3.3 1.95 3.3
Meas. 2 1.316 1.20 7.44 -3.18 2.094 4.3 1.73 4.7
Meas. 3 1.134 1.31 -7.41 5.07 1.581 6 1.84 4
Meas. 4 1.070 1.16 -12.71 -6.31 1.719 6.3 1.85 4
Mean 1.225 1.24 L88 1.84
Velocity data in feet per second (ft/s) for each of the measurements made with both meters. The 
mean at the bottom is the mean value for the four measurements made with each flow meter.
The % from mean column is the percentage that each individual measurement was from the 
mean value of all the measurements. The last column displays the maximum velocity in ft/s for 
each measurement and the location in the flume cross section where the maximum velocity was 
measured.
In Table 6-3a the final column shows what percent the highest single subsection 
discharge is of the total cross section discharge. Ideally this value should be less than or 
equal to five percent. The Aquacalc® used with the Pygmy M eter automatically 
calculates this percentage and displays this on the measurement summary sheet. The data 
from the FlowTraeker® Measurements was imported into excel, and calculated 
separately. Notice for all measurements at the Las Vegas Wash near Sahara Ave. the 
percentages are well above the desired five percent. All these measurements were made 
with vertical subsection widths of 0.3 ft, allowing only approximately 20 vertical 
subsections to be measured per discharge measurement. The mean discharge o f all four 
measurements for both meters came to approximately three cubic feet per second. 
Measurement number 4 for the Pygmy was furthest from this mean at -9.95%. 
Examination of this measurement did not reveal one individual reason, such as the
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hydrologist entering a subsection depth wrong, for this difference and is most likely 
attributed to small random or operator errors.
The FlowTraeker® showed more velocity variation as far as the maximum velocity 
and location of the maximum in the channel. As noted before, the flow tracker is more 
sensitive to small velocity changes than the Pygmy M eter because it measures point 
velocities, it also automatically adjusts it readings for angle and velocities in the z 
direction. It is this fact that contributes to the differences between the velocity readings 
for the two meters. Observations made by field personnel, noted that in the areas of the 
channel where the algae bed was the thickest, the Flow Trackers velocity readings were 
lower than in the portions of the channel where the flow was uninhibited by the algae, 
possibly indicating that it was accounting for the conditions.
There was one significant problem that occurred with the Pygmy M eter during 
measuring. Field personnel were required to frequently stop and clean the Pygmy M eter 
cups during the process of making the discharge measurement as algae in the water 
would become entangled in the cups and keep them from rotating. This was not a 
problem for the Flow Tracker as it has no moving parts for the algae to get tangled on. 
This is an advantage that the Flow Tracker has over the Pygmy M eter simply from a 
convenience and efficiency point of view.
The data in Table 6-4 show that this site at Sahara could benefit by reducing the 
vertical subsection widths, and reducing measuring times. Reducing the vertical 
subsection widths allows for more subsections, and at 0.1 ft width increments achieves 
the goal of getting the percent that the highest individual subsection’s discharge is of the 
total discharge within the desired five percent.
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Table 6-4a. Sahara, ADV only Data
Diseliargc lets)
40s %from Mean % Highest Of Total
Date VSW 0.3 0.2 0.1 0.3 0.2 0.1 0.3 0.2 0.1
9/22/05 Meas. 1 3.215 3.237 3.29(, 4.64 -3.20 0.42 9.89 6.43 3.46
Meas. 2 3.528 3.451 3.26S -4.64 .1.20 -0.42 9.25 6.55 3.55
Mean 3.371 3.344 3.282 9.57 6.49 3.51
Std.Dev. 0.221 0.151 0.020
9/23/05 Meas. 3 2.926 2.901 3.024 -0.56 -2.27 -0.12 10.12 6.34 3.41
Meas. 4 2.959 3.036 .1.031 0.56 2.27 0.12 9.06 5.90 .1.INI
Mean 2.943 2.969 3.028 9.59 6.12 3.21
Std.Dev. 0.023 0.095 0.005
Discharge data in cubic feet per second (cfs) for each of the measurements made at different vertical 
subsection width increments and 40 s measuring time intervals. VSW is the vertical subsection width. 
The mean at the bottom is the mean value for the four measurements made. The % Highest of Total 
column is the percent that the highest computed discharge from and individual vertical subsection is of 
the total discharge for the cross section. Std. Dev. is the standard deviation for each set of measurements
Table 6-4b. Sahara, ADV only Data
Discharge (cfs)
20s %from Mean % Highest Of Total
Date VSW 0.3 0.2 0.1 0.3 0.2 0.1 0.3 0.2 0.1
9/22/05 Meas. 1 .1.245 3.h.1(i 3.379 -4.43 1.61 -0.7! 9.83 6.27 3.29
Meas. 2 3.546 .1.-̂ 21 3.427 -4.43 -1.61 0.71 9.59 6.5 3.42
Mean 3.396 3.579 3.403 9.71 6.39 3.36
Std.Dev. 0.213 0.081 0.034
9/23/05 Meas. 3 2.80(1 2.897 2.976 0.61 -0.58 0..14 ‘>.87 6_35 3.19
Meas. 4 2.772 2V3I 2.956 -0.61 0.58 -0.34 10.39 6.89 3.53
Mean 2.789 2.914 2.966 10.13 6.62 3.36
StdDev. 0.024 0.024 0.014
Discharge data in cubic feet per second (cfs) for each of the measurements made at different vertical 
subsection width increments and 20 s measuring time intervals. VSW is the vertical subsection width. The 
mean at the bottom is the mean value for the four measurements made. The % Highest of Total column is 
the percent that the highest computed discharge tfom and individual vertical subsection is of the total 
discharge for the cross section. Std. Dev. is the standard deviation for each set o f measurements
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Table 6-4c. Sahara, ADV only Data
Discharge (cfs)
10s %from Mean % Highest Of Total
Date VSW 0.3 0.2 0.1 0.3 0.2 0.1 0.3 0.2 0.1
9/22/05 Meas. 1 3.433 3.579 3.443 1.89 (1.06 -0.50 9.28 5.28 3.24
Mens. 2 3.306 3.574 3.478 1.89 -0.06 0..50 9.35 6.21 3.54
Mean 3.370 3.576 3.461 9.32 5.75 3.39
Std.Dev. 0.090 0.003 0.024
9/23/05 Meas. 3 2.975 2.743 3.014 0.93 -4.01 -0.82 9.14 6.71 3.04
Nlcas. 4 2.920 2.972 3.064 "0,93 4.01 0.82 9.66 6.19 .1.26
Mean 2.948 2.858 3.039 9.40 6.45 3.15
StdDev. 0.039 0.162 0.035
Discharge data in cubic feet per second (cfs) for each of the measurements made at different vertical 
subsection width increments and 10 s measuring time intervals. VSW is the vertical subsection width. The 
mean at the bottom is the mean value for the four measurements made. The % Highest of Total column is the 
percent that the highest computed discharge from and individual vertical subsection is of the total discharge 
for the cross section. Std. Dev. is the standard deviation for each set o f measurements
Since the total flow on the wash does fluctuate throughout the day, reducing the 
measuring times per vertical would reduce the possibility of having to use a weighted 
mean gage-height for the measurement as Table 6-5 displays.
Table 6-5. Sahara, Gage Height
Total Time 
(min) GH Change (ft) Total Time (min) GH Change (ft)
4IK 40s 20s 20s
0.3 0.2 0.1 0.3 0.2 0.1 0.3 0.2 0.1 0.3 0.2 0.1
21 30 60 0.00 0.01 -0.02 10 24 42 0.01 0.00 0.00
20 30 51 0.00 0.01 -0.01 13 20 38 -0.01 -0.01 0.01
17 25 60 -0.01 0.00 -0.02 16 18 30 -0.01 0.00 0.01
22 31 56 -0.01 0.01 -0.01 14 15 33 0.00 0.00 0.00
20 29 57 13 19 36
Total time is the time in minutes spent obtaining each individual discharge measurement. GH change is 
the change in the gage-height readings in ft, from the start of the discharge measurement until its 
completion.
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Table 6-5 (cont.) Sahara Gage Height
Total Time (min) GH Change (ft)
10s lOh
()..1 0.2 0.1 0.3 0.2 0.1
16 19 27 0.00 0.00 0.00
12 17 30 0.00 0.00 0.01
8 10 20 (UNI 0.00 0.00
8 II 22 0.00 0.00 0.00
11 14 25
Total time is the time in minutes spent obtaining each individual discharge measurement. GH change is 
the change in the gage-height readings in ft, from the start of the discharge measurement until its 
completion.
Notice that with the 10 s measurement set, only one measurement had a change in 
gage-height readings from start to finish, while in the 40 s measurement set all but 3 of 
the twelve measurements had changes in the gage-height readings from the beginning of 
the measurement to the end. The 20 s set had changes in the gage-height readings for 
about half of the measurements. At base flow, flow that normally exists in the Wash year 
around, these changes are minimal. At flood stages, when obtaining measurements at 
higher flows, these changes are more significant and the time spent obtaining the 
measurement has more influence on the outcome and the stage-discharge relationship for 
that measurement.
Site 2: Flamingo Wash at Nellis Blvd, Las Vegas, NV.
The discharge measurements (Appendix V) made at this site were all made on January 
3, 2006. This channel is long enough and wide enough that measurements were made by 
three field personnel at the same time. The field personnel made measurements at cross-
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sections 50 feet apart. This distance was far enough that there would be no impact on the 
downstream measurements by the fact that personnel were making wading measurements 
upstream. One person obtained all four Pygmy M eter measurements, one person obtained 
all four FlowTracker® 40 s measurements, and the third person obtained the four 20 s, 
and 10s measurements. This balanced out the time, and ensured that all trials were made 
under the same conditions. This is the first site where the FlowTracker® was only tested 
against the Pygmy, and then by reducing measuring times. Smaller vertical subsection 
widths were not done at this site. The Nellis Blvd. site is an average of 40 feet wide, 
even doing 0.3 ft increments is impractical. One measurement alone at 40 s and 0.3 ft 
would take approximately 2.5 hours, let alone doing 4 measurements or attempting 0.1ft 
increments. The vertical width increment used in this study for all measurements at this 
site was 1 ft.
This is the site that has very low velocities making Pygmy M eter measurements 
difficult. Sometimes the velocity is not high enough to turn the Pygmy M eter cups. 
Measurements for this study had to be restarted twice in fact because of this problem. 
Finally, on January 3, velocities were high enough that 4 measurements with the Pygmy 
Meter were able to be obtained. Table 6-6 displays the data from the Pygmy and 
FlowTracker® series.
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Table 6-6a. Nellis, Pygmy and ADV Discharge Data
Discharge (cfs) %from Mean % Highest Of Total
Flow
Tracker
6.993
Pygmy
6.97
Flow
Tracker
0.20
Pygmy
Flow
Tracker Pygmy
Medb. 1 2.09 4.74 7.80
Mcas>. 2 7.096 6.94 1.68 1.65 4.59 5.70
Mea.s. 3 7.042 6.66 0.90 -2.46 4.84 6.38
Mc.i".. 4 6.785 6.74 -2.78 -1.28 4.45 7.00
Mean 6.979 6jG7 4 66 1 6 72
Std.Dev. 0.136 0.152
Discharge data in cubic feet per second (cfs) for each of the measurements made with both meters. The 
mean at the bottom is the mean value for the four measurements made with each flow meter. The % 
from mean column is the pereentage that each individual measurement was from the mean value of all 
the measurements. The % Highest o f Total column is the percent that the highest computed discharge 
from and individual vertical subsection is of the total discharge for the eross section. Std. Dev. is the 
standard deviation for each set o f measurements.
Table 6-6b. Nellis, Pygmy and ADV Velocity Data
Mean Velocity (ft/s) %from Mean
Flow Tracker 
0.274
-Pjgmy.
0.28
Flow Tracker Pygmy
Meas. 1 -0.73 5.58
Meas. 2 0.274 0.27 -0.71 1.63
Meas. 3 0.283 0.25 2.41 -5.42
Meas. 4 0.273 0.26 -0.V6 -1.80
Mean 0.276 0.27
Velocity data in feet per second (ft/s) for each of the measurements made with both meters. The mean at 
the bottom is the mean value for the four measurements made with each flow meter. The % from mean 
eolumn is the percentage that each individual measurement was from the mean value of all the 
measurements
Both meters computed similar discharges around seven cubic feet per second. The 
important thing to notice is that all of the measurements made with the FlowTracker® had 
the highest single subsections discharge less than 5% of the total discharge. The 
measurements made by the Pygmy had the highest single subsections discharge between
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5 and 8 percent o f the total flow. It was the issue with the low velocities that caused 
these differences. Review of the measurement details in Appendix (V), shows that with 
the Pygmy M eter measurements, the subsections that had the highest percent of the total 
discharge are near the edges o f water. The velocities here are at their lowest, and the 
Pygmy was unable to measure them. Consequently the first measured section using the 
Pygmy M eter was often up to 5 feet from the edge of water. The Aquacalc® uses the 
distances and the depth, along with the velocity of the first measured subsection to 
estimate this flow which as the measurement data show, was more than 5% of the total 
discharge.
Based on the data in Table 6-6 and observations made by field personnel, the ADV 
technology exceeds the performance o f the mechanical Pygmy M eter because it is able to 
consistently measure these low velocities. The next series of measurements will 
determine if reducing the measuring time per vertical subsection down to 20 s or even 
10 s has any im pact on the total measured discharge.
Table 6-7. Nellis, ADV only Data
Discharge (cfs)
%from
Mean % Highest Of Total
40s 20s 10s 40s 20s 10s 40s 20s 10s
Meas. 1 6.993 6.761 6.964 0.20 -2.V0 1.72 4.74 4.07 4.63
Meas. 2 7.096 7.360 6.849 1.68 5.70 0.04 4.59 4.52 4.51
Meas. 3 7.042 7.060 6.791 0.90 1.39 -0.81 4.84 4.73 4.58
Meas. 4 6.7Sd 6.67 2 6.782 -2.78 -4.18 -0.94 4.45 4.26 4.36
Mean 6.979 6.963 6.847 4.66 4.40 4.52
Std.Dev. 0.136 0.312 0.084
Discharge data in cubic feet per second (cfs) for each of the measurements made at different measuring time 
intervals. The % from mean column is the percentage that each individual measurement was from the mean 
value of all the measurements. The % Highest of Total column is the percent that the highest computed 
discharge from and individual vertical subsection is of the total discharge for the cross section. Std. Dev. is 
the standard deviation for each set of measurements.
46
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
The data in Table 6-7 display the data from the ADV time trials. Both the 40 and 20 
second trails produced mean discharges that were only 0.016 cfs apart. At this site the 
20 s measurement had a wider range of percent difference from the mean. Differences 
ranged from -4.18 to 5.70. The individual measurements made at 40 s had percent 
differences from the mean ranging from -2.78 to 1.68. The 10 s series had the least 
variation with percent differences ranging from -0.94 to 1.72. The mean discharges for 
each set were all within 2 percent of each other. For all of the measurements the highest 
single subsection discharge was less than 5%  of the total. Reducing measuring time did 
not negatively impact the measurements.
Site 3: Las Vegas Wash at Vegas Valley Dr, Las Vegas, NV.
The discharge measurements (Appendix VI) at this site were made on two different 
days. The measurements for the ADV only series were made on September 28, 2005. 
The measurements for the Pygmy and Flow Tracker series were made on January 6, 
2006. A flood event occurred at this site on October 25, 2005 (USGS). This flood event 
caused changes in the channel. The cross-section used for measuring on September 28 
was 34.5 ft wide at that time. On January 6, the same cross-section was now only 12 ft 
wide due to sediment deposits and channel shifting from the higher velocity flood flow. 
Table 6-8 shows the data from the Pygmy and ADV series made on January 6, 2006.
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Table 6-8. Vegas Valley, Pygmy and ADV Discharge Data
Discharge (cfs) %from Mean % Highest Of Total
Flow Tracker Pygmy
Flow
Tracker Pygmy
Flow
Tracker Pygmy
Meas. 1 I1.2.W 11.510 0.10 0.44 8.92 9.70
\lcjs 2 11.199 10.740 -0.26 -6.28 8.90 8.90
Meas. 3 11.086 11.170 -1.26 -2.53 8.77 9.39
Meas. 4 11.228 11 4(d( 0.00 0.00 8.48 8.63
Mean 11.188 11.220 837 9.16
Std. Dev. 0.07 035
Discharge data in cubic feet per second (cfs) for each of the measurements made with both meters. The 
mean at the bottom is the mean value for the four measurements made with each flow meter. The % from 
mean column is the percentage that each individual measurement was from the mean value o f all the 
measurements. The % Highest o f Total column is the percent that the highest computed discharge from 
and individual vertical subsection is o f the total discharge for the cross section. Std. Dev. is the standard 
deviation for each set of measurements.
The data in Table 6-8 show results consistent with the Pygmy and ADV data from the 
previous sites. Both meters obtained measurements where the mean discharge was 
approximately 11.2 cfs. The difference between the mean discharges for the two meters 
was only 0.29%. The FlowTracker’s® individual measurements had less variation from 
the mean and a smaller standard deviation than the Pygmy M eter measurements. The 
percent that the largest individual subsections discharge was from the total was around 
9% for all measurements made. This is attributed to the channel being narrow than when 
the ADV series was run in September and there are fewer vertical subsections at the 1ft 
increment than when the channel was 34.5 ft wide. Under these conditions the ADV 
meter was as accurate as the Pygmy M eter although slightly more precise.
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Table 6-9. Vegas Valley, ADV only Data
Discharge (cfs)
%from
Mean
% Highest Of 
Total
40s 20s 10s 40s 20s 10s 40s 20s 10s
Nfeas. 1 11.273 10.915 11.028 .1.52 -0.88 -0.79 3.23 338 3.58
Meas. 2 10.871 11.253 11.208 -0.17 2.19 0.83 3.30 .3.43 3.26
Meas. 3 10.867 10.817 11.121 -0.20 -1.77 0.05 .3.19 .1.00 .3.48
Meas. 4 10.546 11.064 11.1(8, -.3.15 0.47 -0.09 331 3.26 .1.52
Mean 10.889 11.012 11.116 3.26 3.27 3.46
Std.Dev. 0.298 0.190 0.074
Discharge data in cubic feet per second (cfs) for each of the measurements made at different measuring time 
intervals. The mean at the bottom is the mean value for the four measurements made. The % from mean 
column is the percentage that each individual measurement was from the mean value of all the measurements. 
The % Highest of Total column is the percent that the highest computed discharge from and individual vertical 
subsection is of the total discharge for the cross section. Std. Dev. is the standard deviation for each set of 
measurements.
Results from the measurements made at this site were consistent with the results from 
the previous three sites. The measurements made at 10 s showed the least amount of 
variance with all four measurements falling within less than 1% of the mean and a 
standard deviation of 0.074. All twelve measurements had their largest individual 
subsection area meeting the desired less than or equal to 5% of the total discharge.
The last measurement in Appendix V for Vegas Valley was one made on February 28, 
2006. Rain in the Las Vegas Valley caused m inor flood flow along the Las Vegas Wash. 
The opportunity was taken at Vegas Valley to obtain a measurement at these mildly 
higher flows. The flow was low enough to still safely wade and still shallow enough to 
justify obtaining the mean velocity measurement at a depth 0.6 of the total depth. An 
ADV FlowTracker® measurement was made using 10s measuring intervals per vertical 
subsection. The cross-section was 37 feet wide, with 1ft wide vertical subsections. The 
discharge measured equaled 37.333 cfs. The measurement was started at 10:38am and
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ended at 10:49am. During the 11 minutes it took to obtain the measurement the gage- 
height reading rose from 0.26 ft to 0.30 ft. A gage-height change of +0.04 ft.
Even with shortening the measuring time to 10 s per vertical, a weighted-mean gage- 
height 0.28 ft was used for this discharge. Based on the number of vertical subsections, it 
would have taken approximately another 25 minutes to obtain the measurement with 40 s 
measuring times per vertical subsection. This means the 40 s measurement would have 
ended about 11:14am. Gage-height data recorded every 15 minutes at the gage for this 
site showed that at 11:15 the gage-height had risen to 0.35 ft, a change o f +0.09 ft 
(USGS), twice the change from the measurement with 10 s measuring intervals. The 
weighted-mean gage-height that would have been applied to whatever discharge was 
measured using the 40 s measuring time interval, is 0.30 ft. With the longer measuring 
times per vertical subsection, the relationship between gage-height and discharge used to 
develop ratings for the site gets further away from the desired one discharge to associate 
with one gage-height. This measurement shows the advantages of using the ADV to 
obtain accurate measurements in shorter periods of time under conditions of rapidly 
changing stage.
Site 4: Duck Creek at Broadbent Blvd, East Las Vegas, NV.
The discharge measurements (Appendix VII) at this site were made on two different 
days. The measurements for the Pygmy and FlowTracker® series were made on 
September 15, 2005. The measurements for the ADV only series were made on October 
5, 2005. This channel at this site is a concrete trapezoidal channel. The bottom of the 
channel is over 35 ft wide. M easurements with both meters were made simultaneously to
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ensure that each measurement made with the Pygmy would be measuring the same flow 
that the FlowTracker® was measuring. Field personnel were measuring cross sections 
50 ft apart. One person made all four Pygmy M eter measurements, and one person made 
all four Flow Tracker measurements. Each measurement was started at the same time.
The problem with developing a solid rating for this site is the fact that until the flow in 
the channel is high enough to reach bank to bank, the stage-discharge relationship is 
difficult to establish. At base flow, the flow stays in the center o f the channel and is only 
about 0.4 ft deep. As the flow increases the w ater surface spreads out. The width of the 
wetted section of the cross-section increases before the depth (water level) does. 
Consequently, for a small change in gage-height, there is a much larger change in 
discharge than with the other channels in this study. Defining this “low end” of rating is 
dependent upon multiple discharge measurements made as accurately as possible.
Another issue at this site is the very shallow depth. If the maximum depth falls below 0.3 
feet, a Pygmy M eter discharge measurement cannot be obtained. Table 6-10 displays the 
data from the Pygmy and FlowTracker® series.
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Table 6-10: Duck Creek, Pygmy and ADV Discharge Data
Discharge (cfs) %from Mean % Highest of Total GH (ft)
Flowtracker Pygmy Flowtracker Pygmy Flowtracker Pygmy
Meas. 1 7.811 7.75 5.11 .1.71 4.35 5.08 1.45
Meas. 2 7.622 7.66 2.56 2.5! 4.26 5.90 1.45
Meas. 3 7..V8 7.48 -1.27 (1.1(1 4.72 4.80 1.45
Meas. 4 6.956 7.«M> -6.4(1 -6.32 4.39 5.90 1.44
Mean 7.432 7.47 4.43 5.42
Std. Dev. 0.372 0.334
Discharge data in cubic feet per second (cfs) for each of the measurements made with both meters. The mean at 
the bottom is the mean value for the four measurements made with each flow meter. The % from mean column 
is the percentage that each individual measurement was from the mean value of all the measurements. The % 
Highest of Total column is the percent that the highest computed discharge from and individual vertical 
subsection is of the total discharge for the cross section. Std. Dev. is the standard deviation for each set of 
measurements. GH equals the gage-height reading in ft at the time each measurement was made.
The data in Table 6-10 show that as with all the other site’s trials in this study, the 
Pygmy and FlowTracker® produced good mean discharge measurements with a 
difference of only 0.04 cfs between them. Observe though that the percent difference 
each individual measurement is from the mean varies more at this site with both meters. 
Also the measured discharges are decreasing with each sequential measurement. The 
measurements were started around 9:30 am and finished up around 1:00pm. The air 
temperature was rising and evaporation rates would increase. Hence the base run-off flow 
starts to decrease in the channel. In the above table, the gage-height recorded at the time 
of each measurement is noted. Notice that by the last measurement the gage-height 
decreased by 0.01ft. Discharge from the first measurement to the final measurement 
decreased by 0.85cfs with the FlowTracker®, and 0.75cfs with the Pygmy Meter. The 
fact that the individual measurements varied more from the mean is due to the fact that 
the flow in channel was decreasing, and not staying as steady as it had in the other sites.
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With the FlowTracker® measurements, all of the highest discharges from the 
individual subsections were within the desired 5% of the total discharge. The Pygmy 
M eter measurements had percentages slightly above the desired 5%. This is attributed to 
the fact that the FlowTracker® can start measuring at points in the channel where the 
depth reaches 0.1 ft. The vertical subsection where the first reading is made is closer to 
the edge of water when using an ADV versus the Pygmy Meter. As noted earlier, at 
these sites the meters are pushed beyond their limits. As the measurement printout in 
Appendix VI shows, the Pygmy was used to start measuring at depths of only 0.15 ft.
The velocities were high enough, that the Pygmy performed fine, although had to start 
measuring further from the edge of water than the ADV. Had the Pygmy been held to 
only measuring when the water depth was 0.3 ft the percent that the largest discharge 
from a single vertical was from the total discharge would have increased significantly. 
The water depth in channel didn’t reach 0.3 ft until about 4 ft from the first edge of water 
and about 8 ft from the second. Had the Pygmy M eter not been used until this 0.3 ft 
depth, the Pygmy M eter would have only been able to measure 20 vertical subsections, 
instead of the 40 that it measured during this trial.
At this site both meters performed well, even beyond their recommend limits. The 
ADV offers an advantage by having an “official” shallow depth limit which is closer to 
the depths and conditions found at this site.
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Table 6-11. Duck Creek, ADV only Data
Discharge (cfs)
%from
Mean % Highest from Total
40s 20s 10s 40s 20s 10s 40s 20s 10s
\lc.l\ 1 6.926 6.961 7.43 -4.61 -1.55 1.48 4.58 6.03 6.16
Mlms. 2 7.193 7.128 7.21 -0.V4 0.81 -1.53 6.28 4.45 5.18
Mens. 3 7.590 6.V27 7.391 4.53 -2.03 0.V5 3.98 3.59 4.41
Meas. 4 7.335 7.267 7.256 1.02 2.78 -0.90 4.53 3.94 3.73
Mean 7.261 7.071 7322 4.84 4.50 4.87
Std.Dev. 0.277 0.158 0.105
Discharge data in cubic feet per second (cfs) for each of the measurements made at different 
measuring time intervals. The mean at the bottom is the mean value for the four measurements made. 
The % from mean column is the percentage that each individual measurement was from the mean 
value of all the measurements. The % Highest of Total column is the percent that the highest 
computed discharge from and individual vertical subsection is of the total discharge for the cross 
section. Std. Dev. is the standard deviation for each set o f measurements.
Results from the measurements made at this site were consistent with the results from 
the previous four sites. The measurements made at 10s showed the least amount of 
variance will all four measurements falling within less than 2% of the mean and the 
smallest standard deviation. Nine of the measurements had their largest individual 
subsection area meeting the desired less than or equal to 5% of the total discharge. The 
three which were slightly above, had their starting verticals further from the edge of 
water than the others. The field personnel should have started measuring at depths of 
0.1 ft to decrease this error. The measurements show that decreasing the measuring times 
does not negatively affect the accuracy o f the measurement using the ADV.
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CHAPTER 7
CONCLUSIONS AND RECOMMENDATIONS 
The Acoustic Doppler Velocimeter (ADV) provides an advantage over the mechanical 
Price Pygmy M eter when measuring discharge in low flow environments along the Las 
Vegas Wash. The ADV is capable of operating at shallower depths and slower velocities 
than the Pygmy Meter. The ADV is capable of obtaining accurate discharge 
measurements in shorter periods of time, and with more vertical subsections per cross- 
section than the Pygmy Meter. This capability of the ADV allows field personnel to 
obtain accurate discharge measurements with more efficiency and under conditions 
which are less than ideal. The ADV can be used to help solve, or negate the effects of 
some of the problems inherent in obtaining low flow measurements.
The performance of the ADV in this study shows that it can be used to decrease the 
impact of rapidly changing stage on the stage-discharge relationship. The ADV 
measurements made throughout this study indicate that reducing the measuring time per 
vertical subsection, a practice which has many potential benefits, does not negatively 
impact the accuracy of that measurement. In situations where the stage is changing 
rapidly, it is recommended that measuring times on the ADV should be 10 s. This allows 
for a discharge measurement to be made in less time and consequently there will be less 
change in stage from the start to the finish of the measurement. This capability of
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the ADV will allow for better ratings by providing measurements where the relationship 
between stage and discharge is closer to the desired one discharge to associate with one 
gage-height. The flood measurement made at the Las Vegas Wash at Vegas Valley Dr. 
demonstrated this fact, and its advantages.
At sites where the velocities are very low, the A D V ’s performance exceeds that of the 
Pygmy M eter, as both this study and the study done by Fisher and Morlock (2003) have 
shown. At the Flamingo Wash at Nellis Blvd. site, the ADV at no time had any problems 
with obtaining a discharge measurement. It was able to measure Nellis’s low velocities, 
and produced consistent measurements o f discharge. The Pygmy/ADV measurement 
series at this site had to be attempted 3 times because the velocities were to slow to turn 
the cups of the Pygmy M eter during the first two attempts. In Fisher and M orlock (2003) 
site number 3 was only measured with the ADV because again the velocities were too 
slow for the Pygmy M eter to perform. In slow velocity situations the ADV is capable of 
obtaining discharge measurements which were unable to be obtained with the mechanical 
Pygmy Meter.
In the shallow concrete channel of D uck Creek both meters performed very well. The 
capability o f the ADV to measure depths as shallow as 0.1 ft was an advantage. Field 
personnel pushed the Pygmy beyond its limit by measuring depths as shallow as 0.15 ft, 
and it too performed well; had they not done this though, and truly stayed within the 
limitations set by the manufacturer (minimum depth 0.3 ft), there would have been a 
much larger difference between the total discharge measured with the ADV and that 
measured with the Pygmy Meter. The Pygm y would have only been able to measure 
about half of the subsections that the ADV was capable of measuring, significantly
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reducing the quality of that measurement. All of the measurements made at this site by 
the ADV had the highest individual subsections discharge falling within the desired 5% 
of the total cross section discharge; this occurred with only one of the Pygmy M eter 
measurements. The remaining three Pygmy M eter measurements had the highest 
individual subsections discharge falling between 5% and 8% of the total cross section 
discharge.
In narrow channels the ADV provides an advantage over the Pygm y M eter by being 
able to reduce vertical subsection widths down to 0.1ft and obtain more accurate and 
precise measurements. The data from the control site show that at vertical widths of 
0.3ft, the individual flow measurements made varied up to 3.67% from the rated 
discharge value with the Flow Tracker and up to 4.82% from the rated discharge value 
with the Pygmy Meter. At vertical widths of 0.2ft this error dropped to less than 2% for 
all measurements, with the maximum percent difference from the rated discharge for an 
individual measurement equaling 1.66%. At vertical widths of 0.1 ft the error was 
reduced to below 1% for all measurements made. These data show that the smaller 
vertical subsection widths produce measurements that are more precise and consistently 
more accurate than the w ider increments. It can be concluded that there will be more 
confidence in accuracy of a single measurement made at 0.1 ft at this site than of a single 
measurement made at 0.3 ft.
The measurements made at the Las Vegas W ash at Sahara Ave. site further confirm 
the fact that the quality o f a discharge measurement increases by reducing the vertical 
subsection widths. All the measurements made at 0.3 ft increments had the percent of the 
total discharge that the highest individual subsection discharge was, ranging from 8.83 to
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11.68%. The measurements made at 0.2 ft increments received rating of had the percent 
that the highest single subsection discharge was of the total discharge ranging from 5.28 
to 6.89%. The measurements made at 0.1 ft increments all had the percent that the 
highest single subsection discharge was of the total discharge less than the desired 5% 
with percentages ranging from 3.00 to 3.55%. Again the 0.1 ft increment measurements 
were also the more precise with all individual measurements falling below 1% from the 
mean of all the measurements and had the smallest standard deviation values.
The acoustic technology has a definite advantage over the mechanical meters when 
operating in low flow environments along the Las Vegas Wash. This study has 
demonstrated that it can operate accurately at shallower depths, slower velocities, and in 
situations of rapidly changing stage. The ADV can measure more vertical subsections 
than the Pygmy M eter, and make discharge measurements in shorter periods of time 
without compromising accuracy.
The capabilities of the ADV offer significant advantages in the quality and efficiency 
of obtaining discharge measurements. Field personnel will be able to utilize the ADV to 
deal with the common problems in obtaining low flow discharge measurements. They 
will also be more efficient by being able to obtain these measurements in shorter periods 
of time. When measuring multiple sites on a single day the time saved between 40 and 
10 second measuring times per vertical subsection is significant. Overall, the ADV 
performance has shown that it can offer some of the same advantages for measuring low 
flow environments as its larger counter part, the ADVM, offers for measuring larger 
streams and rivers, and should be utilized to its full potential to improve the discharge 
measurements made and the overall quality of a site’s continuous discharge record.
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Based on the data from this study, it is recommended that the ADV be used to its full 
potential and no longer be held to the same parameters for making a discharge as the 
Price Pygmy Meter. M easuring times per vertical subsection should be reduced increase 
efficiency on field runs, by being able to obtain the discharge measurements in a shorter 
period of time, and also in situations where the stage (gage-height) is changing rapidly.
In narrow channels, the vertical subsection width increments should be reduced to as little 
as 0.1 ft. This allows for more subsections to be measured and obtains more accurate and 
precise measurements of the flow. The data from this study implies that the advantages 
of the ADV, such as shortening measuring times and vertical subsection widths, will 
apply in deeper channels when the ADV is used in place of the Price AA meter (the 
Pygmy M eters equivalent for measuring streams over 1.5 feet deep); however, further 
study of the ADV is recommended to determine if the results from this study hold true 
under different environments and conditions.
The implication from this study on water resource management in general is 
improving overall continuous discharge record at surface water steam flow stations. 
Increasing the number o f vertical subsections measured and reducing the time it takes to 
obtain a discharge measurement in situations where the stage is changing rapidly, reduces 
the percent error in the measurement, and consequently the rating and overall continuous 
record.
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